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(57) ABSTRACT 

An anthracene derivative represented by general formula (I): 

Wherein X and Y represent a trifunctional aromatic ring 
group or the like, (1) A1 to A4 represent an aryl group or a 
rnonovalent heterocyclic group or (2) A1 and A3 represent 
hydrogen atom and A2 and A4 represent a styryl group in 
Which the phenyl portion may be substituted and the ot-po 
sition or the [3-position of the vinyl portion may be substi 
tuted With an alkyl group, R1 to R16 represent hydrogen 
atom, a halogen atom, cyano group, nitro group; alkyl group 
or the like, Q represents an arylene group or the like and p 
represents 0, 1 or 2; and an organic electroluminescence 
device Which comprises at least an organic light emitting 
layer disposed betWeen a pair of electrodes and the above 
anthracene derivative. 

(1) 

The novel anthracene derivative exhibits a high ef?ciency of 
light emission and excellent heat resistance When the deriva 
tive is used as a material constituting an organic electrolu 
rninescence device. 
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ANTHRACENE DERIVATIVE AND ORGANIC 
ELECTROLUMINESCENCE DEVICE USING THE 

DERIVATIVE 

TECHNICAL FIELD 

[0001] The present invention relates to a novel organic 
compound and an organic electroluminescence (electrolu 
minescence Will be referred to as EL, hereinafter) device 
using the organic compound. More particularly, the present 
invention relates to an anthracene derivative used as a 
material constituting an organic EL device and an organic 
EL device Which uses the anthracene derivative and exhibits 
a high ef?ciency of light emission and excellent heat resis 
tance. 

BACKGROUND ART 

[0002] Electroluminescence devices Which utiliZe light 
emission in the electric ?eld shoW high self-distinguishabil 
ity because of the self-emission and are excellent in impact 
resistance because they are completely solid devices. There 
fore, organic EL devices are used in the ?eld of the back 
light of thin ?lm display devices and liquid crystal displays 
and the planar light source. 

[0003] EL devices practically used at present are EL 
devices of the dispersion type. Since EL devices of the 
dispersion type require an alternating voltage of several tens 
volts or higher and 10 kiloHerZ or higher, driving circuits of 
the EL devices are complicated. 

[0004] Therefore, organic EL devices Which can be driven 
at a voltage of 10 volts or loWer and can achieve light 
emission of a high degree are actively studied. For example, 
organic EL devices having a laminate structure of a trans 
parent electrode/a hole injection layer/a light emitting 
layer/a back face electrode are proposed (Appl. Phys. Lett., 
Volume 51, Pages 913 to 915 (1987) and Japanese Patent 
Application Laid-Open No. ShoWa 63(1988)-264629). In 
these organic EL devices, holes are ef?ciently injected into 
the light emitting layer through the hole injecting layer 
disposed in the organic EL devices. The light emitting layer 
used in the organic EL devices may be a single layer. 
HoWever, an excellent balance betWeen the electron trans 
porting property and the hole transporting property cannot 
be achieved by the single layer structure. Improvement in 
the properties of the organic EL devices has been made by 
using a multi-layer laminate structure. 

[0005] Forming a laminate structure causes problems in 
that the process for producing the organic EL devices is 
complicated and the time required for the production 
increases and that restrictions such as the necessity for 
forming each layer into a suf?ciently thin ?lm arise. More 
over, in recent years, a loWer driving voltage is required 
since information instruments are required to have a 
decrease siZe and to be portable. Therefore, development of 
a light emitting material and a hole transporting material 
Which contribute to a decrease in the Weight and a decrease 
in the driving voltage has been conducted. It is knoWn that 
anthracene can be used as the light emitting material. 
HoWever, forming a uniform thin ?lm of anthracene is not 
easy. Therefore, introduction of various substituents into 
anthracene has been attempted. For example, condensed 
multi-ring aromatic hydrocarbons are proposed for the light 
emitting material of organic EL devices (Japanese Patent 
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Application Laid-Open Nos. Heisei 4(1992)-178488, Heisei 
6(1994)-228544, Heisei 6(1994)-228545, Heisei 6(1994) 
228546, Heisei 6(1994)-228547, Heisei 6(1994)-228548, 
Heisei 6(1994)-228549, Heisei 8(1996)-311442, Heisei 
8(1996)-12600, Heisei 8(1996)-12969 and Heisei 10(1998) 
72579). 
[0006] HoWever, organic EL devices using the above 
compounds have a problem in that the efficiency of light 
emission and heat resistance are not sufficient. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been made under the 
above circumstances and has objects of providing a novel 
compound Which exhibits a high ef?ciency of light emission 
and excellent heat resistance When the compound is used as 
a material constituting an organic EL device and an organic 
EL device using the compound. 

[0008] As the result of extensive studies by the present 
inventors to achieve the above objects, it Was found that the 
objects can be achieved by anthracene derivatives having 
speci?c structures. The present invention has been com 
pleted based on the knoWledge. 

[0009] The present invention can be summariZed as fol 
loWs. 

[0010] [1] An anthracene derivative represented by gen 
eral formula (I): 

(I) 
1 8 9 R16 

R2 R7 R10 R15 

A1 A4 
\ / 
x Q Y 
5 P \ 3 

A A 

R3 R6 R11 R14 

R4 R5 R12 R13 

[0011] Wherein X and Y each independently represent a 
substituted or unsubstituted trifunctional aromatic ring 
group having 6 to 30 carbon atoms or a substituted or 
unsubstituted trifunctional heterocyclic group having 4 to 30 
carbon atoms; (1) A1 to A4 each independently represent a 
substituted or unsubstituted aryl group having 6 to 30 carbon 
atoms or a substituted or unsubstituted monovalent hetero 

cyclic group having 4 to 30 carbon atoms or (2) A1 repre 
sents hydrogen atom, A2 represents a styryl group in Which 
a phenyl portion may be substituted and an ot-position or a 
[3-position of a vinyl portion may be substituted With an 
alkyl group having 1 to 30 carbon atoms, A3 represents 
hydrogen atom and A4 represents a styryl group in Which a 
phenyl portion may be substituted and an ot-position or a 
[3-position of a vinyl portion may be substituted With an 
alkyl group having 1 to 30 carbon atoms; R1 to R16 each 
independently represent hydrogen atom, a halogen atom, 
cyano group, nitro group, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted alkoxy group, a sub 
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stituted or unsubstituted aryloXy group, a substituted or 

unsubstituted alkylthio group, a substituted or unsubstituted 

arylthio group, a substituted or unsubstituted amino group or 

a substituted or unsubstituted aryl group; adjacent groups 
represented by R1 to R16 may form rings by forming bonds 
betWeen each other; Q represents a substituted or unsubsti 
tuted cycloalkylene group having 5 to 30 carbon atoms, a 
substituted or unsubstituted arylene group having 6 to 30 
carbon atoms or a substituted or unsubstituted divalent 

heterocyclic group having 4 to 30 carbon atoms; and p 
represents a number selected from 0, 1 and 2. 

[0012] [2] An anthracene derivative represented by gen 
eral formula (II): 

(II) 

[0013] Wherein (1) A1 to A4 each independently represent 
a substituted or unsubstituted aryl group having 6 to 30 
carbon atoms or a substituted or unsubstituted monovalent 

heterocyclic group having 4 to 30 carbon atoms or (2) A1 
represents hydrogen atom, A2 represents styryl group in 
Which a phenyl portion may be substituted and an ot-position 
or a [3-position of a vinyl portion may be substituted With an 
alkyl group having 1 to 30 carbon atoms, A3 represents 
hydrogen atom and A4 represents a styryl group in Which a 
phenyl portion may be substituted and an ot-position or a 
[3-position of a vinyl portion may be substituted With an 
alkyl group having 1 to 30 carbon atoms; R1 to R16 each 
independently represent hydrogen atom, a halogen atom, 
cyano group, nitro group, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted alkoXy group, a sub 
stituted or unsubstituted aryloXy group, a substituted or 
unsubstituted alkylthio group, a substituted or unsubstituted 
arylthio group, a substituted or unsubstituted amino group or 
a substituted or unsubstituted aryl group; adjacent groups 
represented by R1 to R16 may for rings by forming bonds 
betWeen each other; Q represents a substituted or unsubsti 
tuted cycloalkylene group having 5 to 30 carbon atoms, a 
substituted or unsubstituted arylene group having 6 to 30 
carbon atoms or a substituted or unsubstituted divalent 

heterocyclic group having 4 to 30 carbon atoms; and p 
represents a number selected from 0, 1 and 2. 
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[0014] [3] An anthracene derivative represented by gen 
eral formula (II‘): 

(11') 

[0015] Wherein (1) A1 to A4 each independently represent 
a substituted or unsubstituted aryl group having 6 to 30 
carbon atoms or a substituted or unsubstituted monovalent 
heterocyclic group having 4 to 30 carbon atoms or (2) A1 
represents hydrogen atom, A2 represents a styryl group in 
Which a phenyl portion may be substituted and an ot-position 
or a [3-position of a vinyl portion may be substituted With an 
alkyl group having 1 to 30 carbon atoms, A3 represents 
hydrogen atom and A4 represents a styryl group in Which a 
phenyl portion may be substituted and an ot-position or a 
[3-position of a vinyl portion may be substituted With an 
alkyl group having 1 to 30 carbon atoms; R1 to R16 each 
independently represent hydrogen atom, a halogen atom, 
cyano group, nitro group, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted alkoXy group, a sub 
stituted or unsubstituted aryloXy group, a substituted or 
unsubstituted alkylthio group, a substituted or unsubstituted 
arylthio group, a substituted or unsubstituted amino group or 
a substituted or unsubstituted aryl group; adjacent groups 
represented by R1 to R16 may for rings by forming bonds 
betWeen each other; Q represents a substituted or unsubsti 
tuted cycloalkylene group having 5 to 30 carbon atoms, a 
substituted or unsubstituted arylene group having 6 to 30 
carbon atoms or a substituted or unsubstituted divalent 
heterocyclic group having 4 to 30 carbon atoms; and p 
represents a number selected from 0, 1 and 2. 

[0016] [4] An anthracene derivative represented by gen 
eral formula (III): 

(III) 

R1 R8 R9 R16 

R17 R20 
/ / R2 R7 R10 R15 \ \ 
S S 

X Q P Y 

S \ / / 
R3 R6 R11 R14 

R18 \ 5 
R19 

R4 R5 R12 R13 

[0017] Wherein X and Y each independently represent a 
substituted or unsubstituted trifunctional aromatic ring 
group having 6 to 30 carbon atoms or a substituted or 
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unsubstituted trifunctional heterocyclic group having 4 to 30 
carbon atoms; R1 to R20 each independently represent hydro 
gen atom, a halogen atom, cyano group, nitro group, a 
substituted or unsubstituted alkyl group, a substituted or 
unsubstituted alkoXy group, a substituted or unsubstituted 
aryloXy group, a substituted or unsubstituted alkylthio 
group, a substituted or unsubstituted arylthio group, a sub 
stituted or unsubstituted amino group or a substituted or 
unsubstituted aryl group; adjacent groups represented by R1 
to R20 may for rings by forming bonds betWeen each other; 
Q represents a substituted or unsubstituted cycloalkylene 
group having 5 to 30 carbon atoms, a substituted or unsub 
stituted arylene group having 6 to 30 carbon atoms or a 
substituted or unsubstituted divalent heterocyclic group hav 
ing 4 to 30 carbon atoms; and p represents a number selected 
from 0, 1 and 2. 

[0018] [5] An organic electroluminescence device Which 
comprises a light emitting area comprising an anthracene 
derivative described in any of [1] to 

[0019] [6] An organic electroluminescence device Which 
comprises an organic light emitting layer comprising an 
anthracene derivative described in any of [1] to 

[0020] [7] An organic electroluminescence device 
described in any of [5] and [6], Wherein the organic light 
emitting layer further comprises a substance forming a 
recombination site. 

[0021] [8]An organic electroluminescence device 
described in [7], Wherein the substance forming a recombi 
nation site is a ?uorescent substance having a quantum yield 
of ?uorescence of 0.3 to 1.0. 

[0022] [9] An organic electroluminescence device 
described in any of [7] and [8], Wherein the substance 
forming a recombination site is at least one compound 
selected from styrylamine compounds, quinacridone deriva 
tives, rubrene derivatives, coumarine derivatives, perylene 
derivatives, pyrane derivatives and ?uoranthene derivatives. 

[0023] [10] An organic electroluminescence.device 
described in any of [5] to [9], Wherein a layer of a chalco 
genide, a layer of a metal halide or a layer of a metal oXide 
is formed betWeen the organic light emitting layer and a 
cathode or an anode 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

[0024] The organic compound of the present invention is 
a compound represented by general formula (I): 

(1) 
R1 R8 R9 R16 

R2 R7 R10 R15 

A1 A4 
/ 

X Y 
/ Q P \ 

A2 A3 

R3 R6 R11 R14 

R4 R5 R12 R13 
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[0025] In general formula (I), X and Y each independently 
represent substituted or unsubstituted trivalent aromatic ring 
group having 6 to 30 carbon atoms or a substituted or 
unsubstituted trivalent heterocyclic group having 4 to 30 
carbon atoms. 

[0026] EXamples of the trivalent aromatic ring group 
having 6 to 30 carbon atoms include trivalent groups 
obtained by eliminating three hydrogen atoms from aromatic 
compounds such as benZene, naphthalene, biphenyl, terphe 
nyl, triphenyl, chrysene, naphthacene, picene, perylene, pen 
tacene, coronene, rubicene, anthracene, benZo[a]anthracene, 
benZo[a]pyrene, tetraphenylene and bisanthracene. 
EXamples of the trivalent heterocyclic group having 4 to 30 
carbon atoms include trivalent groups obtained by eliminat 
ing three hydrogen atoms from heterocyclic compounds 
such as furan, thiophene, pyrrol, 2-hydroXypyrrol, benZofu 
ran, isobenZofuran, 1-benZothiophene, 2-benZothiophene, 
indole, isoindole, indolidine, carbaZole, 2-hydroXypyrane, 
2-hydroXychromene, 1-hydroXy-2-benZopyrane, Xanthene, 
4-hydroXythiopyrane, pyridine, quinoline, isoquinoline, 
4-hydroXyquinolidine, phenanthridine, acridine, oXaZole, 
isoXaZole, thiaZole, isothiaZole, furaZane, imidaZole, pyra 
Zole, benZimidaZole, 1-hydroXyimidaZole, 1,8-naphthyli 
dine, pyradine, pyrimidine, pyridaZine, quinoXaline, 
quinaZoline, phthaladine, purine, perimidine, 1,10-phenan 
throline, thianthrene, phenoXthine, phenoXaZine, phenothi 
aZine, phenaZine, silacyclopentadiene, silabenZene and 
dibenZo(b,f)aZepine. 

[0027] In the above general formula (I), (1) A1 to A4 may 
each independently represent a substituted or unsubstituted 
aryl group having 6 to 30 carbon atoms or a substituted or 
unsubstituted monovalent heterocyclic group having 4 to 30 
carbon atoms. Examples of the aryl group having 6 to 30 
carbon atoms include phenyl group, naphthyl group, biphe 
nyl group, anthranyl group, terphenyl group and styryl 
group. EXamples of the monovalent heterocyclic group 
having 4 to 30 carbon atoms include monovalent groups 
corresponding to the trivalent heterocyclic groups described 
as the examples of the groups represented by X and Y. 

[0028] In the above general formula (I), (2) A1 and A3 may 
each represent hydrogen atom and A2 and A4 may each 
represent a styryl group. The phenyl portion of the styryl 
group may be substituted and the ot-position or the [3-posi 
tion of the vinyl portion of the styryl group may be substi 
tuted With an alkyl group having 1 to 30 carbon atoms. When 
there are a plurality of substituents, the substituents may 
form a ring structure by forming a bond betWeen each other. 
EXamples of the styryl group include phenylvinylene group, 
triphenylvinylene group, naphthylvinylene group, biphe 
nylvinylene group, terphenylvinylene group and anthra 
nylvinylene group. 

[0029] In the above general formula (I), R1 to R16 each 
independently represent hydrogen atom, a halogen atom, 
cyano group, nitro group, a substituted or unsubstituted alkyl 
group having 1 to 6 carbon atoms, a substituted or unsub 
stituted alkoXy group having 1 to 6 carbon atoms, a substi 
tuted or unsubstituted aryloXy group having 5 to 18 carbon 
atoms, a substituted or unsubstituted aralkyloXy group hav 
ing 7 to 18 carbon atoms, a substituted or unsubstituted 
alkylthio group having 1 to 20 carbon atoms, a substituted 
or unsubstituted arylthio group having 6 to 18 carbon atoms, 
a substituted or unsubstituted amino group, a substituted or 
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unsubstituted ester group having 1 to 6 carbon atoms or a 
substituted or unsubstituted aryl group having 5 to 16 carbon 
atoms. 

[0030] Examples of the alkyl group having 1 to 6 carbon 
atoms include methyl grqup, ethyl group, propyl group, 
isopropyl group, butyl group, isobutyl group, sec-butyl 
group, tert-butyl group, various types of pentyl groups and 
various types of hexyl groups. Examples of the alkoxy group 
having 1 to 6 carbon atoms include methoxy group, ethoxy 
group, propoxy group, isopropoxy group, butoxy group, 
isobutoxy group, sec-butoxy group, tert-butoxy group, vari 
ous types of pentyloxy groups and various types of hexyloxy 
groups. Examples of the aryloxy group having 5 to 18 
carbon atoms include phenoxy group, tolyloxy group and 
naphthyloxy group. Examples of the aralkyloxy group hav 
ing 7 to 18 carbon atoms include benZyloxy group, phene 
tyloxy group and naphthylmethoxy group. Examples of the 
alkylthio group having 1 to 20 carbon atoms and the arylthio 
group having 6 to 18 carbon atoms include methylthio 
group, ethylthio group, phenylthio group and tolylthio 
group. Examples of the amino group substituted With an aryl 
group having 5 to 16 carbon atoms include diphenylamino 
group, dinaphthylamino group and naphthylphenylamio 
group. Examples of the ester group having 1 to 6 carbon 
atoms include methoxycarbonyl group, ethoxycarbonyl 
group, propoxycarbonyl group and isopropoxycarbonyl 
group. Examples of the halogen atom include ?uorine atom, 
chlorine atom and bromine atom. Adjacent groups repre 
sented by R1 to R16 may for rings by forming bonds betWeen 
each other. 

[0031] In the above general formula (I), Q represents a 
substituted or unsubstituted cycloalkylene group having 5 to 
30 carbon atoms, a substituted or unsubstituted arylene 
group having 6 to 30 carbon atoms or a substituted or 
unsubstituted divalent heterocyclic group having 4 to 30 
carbon atoms. Examples of the cycloalkylene group having 
5 to 30 carbon atoms include cyclopentylene group, cyclo 
hexylene group and cycloheptylene group. Examples of the 
arylene group having 6 to 30 carbon atoms include phe 
nylene group, naphthylene group, biphenylene group, 
anthranylene group and terphenylene group. Examples of 
the divalent heterocyclic group having 4 to 30 carbon atoms 
include divalent groups corresponding to the trivalent 
groups described as the examples of the groups represented 
by X and Y. 

[0032] In the above general formula (I), p represents a 
number selected from 0, 1 and 2. When p represents 0, 
groups at both sides are bonded through a single bond. 

[0033] When each group in the compounds represented by 
general formulae (I) to (III) has substituents, examples of the 
substituents include the groups described as the examples of 
the groups represented by R1 to R16. Similarly to the groups 
represented by R1 to R16, adjacent substituents may for rings 
by forming bonds betWeen each other. 
[0034] The anthracene derivative represented by general 
formula (I) is a compound selected from the compounds 
having the structures described above. Among the above 
compounds, compounds having a glass transition tempera 
ture of 100° C. or higher are preferable and compounds 
having a glass transition temperature of 120° C. or higher are 
more preferable. 

[0035] The preferred embodiments of the anthracene 
derivative represented by general formula (I) include 
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anthracene derivatives represented by the folloWing general 
formulae (II) and (II‘): 

<11) 

(11') 

[0036] In the above general formulae (II) and (II‘), A1 to 
A4, R1 to R16, Q and p are as de?ned in general formula 

[0037] The preferred embodiments of the anthracene 
derivative represented by general formula (I) further include 
anthracene derivatives represented by the folloWing general 
formula (III): 

(III) 

R1 R8 R9 R16 

R17 R20 
/ / R2 R7 R10 R15 \ \ 
S S 

x Q P Y 

S \ / / 
R3 R6 R11 R14 

R18 \ 5 
R19 

R4 R5 R12 R13 

[0038] In the above general formula (III), X, Y, Q and p are 
as de?ned in general formula (I) and R1 to R20 represent the 
same atoms or groups as those represented by R1 to R16. 

[0039] Adjacent groups represented by R1 to R20 may 
form rings by forming bonds betWeen each other. Adjacent 
groups represented by R1 to R16 frequently form rings by 
forming bonds betWeen each other. 

[0040] Examples of the anthracene derivatives represented 
by general formulae (I), (II), (II‘) and (III) include com 
pounds E1 to E44 shoWn in the folloWing: 
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-continued 

.6 oo . 

@Q 

o 

[0041] The process for producing the anthracene deriva 
tive represented by general formula (I) is not particularly 
limited and various processes may be used. For example, a 
desired anthracene derivative can be efficiently produced in 
accordance With the following process. 

[0042] The process for producing a compound represented 
by general formula (I) in Which A1=A3, A2=A4 and X=Y 
Will be described. A halogen compound represented by 
general formula (l-a): 

(1+1) 

[0043] Wherein A1, A2 and X are as de?ned above and Z 
represents a halogen atom, is reacted With an alkyllithium 

reagent and converted into a lithium compound. The 
obtained lithium compound is reacted With a bianthrone 
compound represented by general formula (l-b): 
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[0044] wherein R1 to R16 are as de?ned above, and a 
bisphenol derivative represented by general formula (1-c): 

0-6) 
R1 R8 R9 R16 

R2 R7 R10 R15 

A1 OH A3 
\ 
X Y 
/ 

A2 HO A4 

R3 R6 R11 R14 

R4 R5 R12 R13 

[0045] Wherein A1, A2 and R1 to R16 are as de?ned above, 
is obtained. By forming aromatic rings from the bisphenol 
derivative in accordance With a conventional process, the 
anthracene derivative represented by general formula (I) can 
be obtained. 

[0046] The organic EL device of the present invention is 
a device having at least an organic light emitting layer 
disposed betWeen a pair of electrodes. Examples of the 
construction of the organic EL device include the folloWing 
constructions: 

[0047] (1) An anode/a light emitting layer/a cathode; 

[0048] (2) An anode/a hole injecting layer/a light 
emitting layer/a cathode; 

[0049] (3) An anode/a light emitting layer/an electron 
injecting layer/a cathode; 

[0050] (4) An anode/a hole injecting layer/a light 
emitting layer/an electron injecting layer/a cathode; 

[0051] (5) An anode/an organic semiconductor 
layer/a light emitting layer/a cathode; 

[0052] (6) An anode/an organic semiconductor layer/ 
an electron barrier layer/a light emitting layer/a 
cathode; 

[0053] (7) An anode/an organic semiconductor 
layer/a light emitting layer/an adhesion improving 
layer/a cathode; and 

[0054] (8) An anode/a hole injecting layer/a hole 
transporting layer/a light emitting layer/an electron 
injecting layer/a cathode. 

[0055] HoWever, the construction of the organic EL device 
is not limited to the above examples. 

[0056] Among the above constructions, construction (8) is 
preferably used. It is preferable that the anthracene deriva 
tive represented by any of general formulae (I), (II), (II‘) and 
(III) is comprises in the light emitting area such as the light 
emitting layer, the hole transporting layer, the electron 
injection layer or the hole injection layer (the layers other 
than the electrode layers) in the above constructions. It is 
more preferable that the anthracene derivative is comprised 
in the light emitting layer. 

May 27, 2004 

[0057] In general, the organic EL device is prepared on a 
substrate Which transmits light. The substrate Which trans 
mits light is the substrate Which supports the organic EL 
device. It is preferable that the substrate Which transmits 
light has a transmittance of light of 50% or greater in the 
visible region of 400 to 700 nm. It is also preferable that a 
?at and smooth substrate is used. 

[0058] As the substrate Which transmits light, glass plates 
and synthetic resin plates are advantageously used. Speci?c 
examples of the glass plates include plates made of soda ash 
glass, glass containing barium and strontium, lead glass, 
aluminosilicate glass, borosilicate glass, barium borosilicate 
glass and quartZ. Speci?c examples of the synthetic resin 
plates include plates made of polycarbonate resins, acrylic 
resins, polyethylene terephthalate resins, polyether sul?de 
resins and polysulfone resins. 

[0059] As the anode, an electrode made of a material such 
as a metal, an alloy, a conductive compound and a mixture 
of these materials Which has a great Work function (4 eV or 
more) is preferably used. Speci?c examples of the material 
for the anode include metals such as Au and conductive 
materials such as CuIn, ITO (indium tin oxide), SnO2, ZnO 
and In—Zn—O. The anode can be prepared by forming a 
thin ?lm of the electrode material described above in accor 
dance With a process such as the vapor deposition process 
and the sputtering process. When the light emitted from the 
light emitting medium layer is obtained through the anode, 
it is preferable that the anode has a transmittance of the 
emitted light greater than 10%. It is also preferable that the 
sheet resistivity of the anode is several hundred Q/El or 
smaller. The thickness of the anode is, in general, selected in 
the range of 10 nm to 1 pm and preferably in the range of 
10 to 200 nm although the preferable range may be different 
depending on the used material. 

[0060] As the cathode, an electrode made of a material 
such as a metal, an alloy, a conductive compound and a 
mixture of these materials Which has a small Work function 
(4 eV or smaller) is used. Speci?c examples of the material 
for the cathode include sodium, sodium-potassium alloys, 
magnesium, lithium, magnesium silver mixtures, aluminum/ 
aluminum oxide, Al/Li2O, Al/LiO2, Al/LiF, aluminum 
lithium alloys, indium and rare earth metals. 

[0061] The cathode can be prepared by forming a thin ?lm 
of the material described above in accordance With a process 
such as the vapor deposition process and the sputtering 
process. 

[0062] When the light emitted from the light emitting 
medium layer is obtained through the cathode, it is prefer 
able that the cathode has a transmittance of the emitted light 
greater than 10%. It is also preferable that the sheet resis 
tivity of the cathode is several hundred Q/III or smaller. The 
thickness of the cathode is, in general, selected in the range 
of 10 nm to 1 pm and preferably in the range of 50 to 200 
nm. 

[0063] In the organic EL device of the present invention, 
it is preferable that a layer of a chalcogenide, a metal halide 
or a metal oxide is disposed on the surface of at least one of 
the pair of electrodes prepared as described above. Speci? 
cally, it is preferable that a layer of a chalcogenide (including 
an oxide) of a metal such as silicon and aluminum is 
disposed on the surface of the anode at the side of the light 
emitting medium layer and a layer of a metal halide or a 
metal oxide is disposed on the surface of the cathode at the 
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side of the light emitting medium layer. Due to the above 
layers, stability in driving can be improved. 

[0064] Preferable examples of the chalcogenide include 
SiOx (1 2x22), AlOX (1 éxé 1.52), SiON and SiAlON. Pref 
erable examples of the metal halide include CsF, LiF, MgF2, 
CaF2 and ?uorides of rare earth metals. Preferable examples 
of the metal oxide include CsZO, Li2O, MgO, SrO, BaO and 
CaO. 

[0065] As the light emitting layer in the organic EL of the 
present invention, a layer having the combination of the 
folloWing functions is preferably used. 

[0066] (1) The injecting function: the function of 
injecting holes from the anode or the hole injecting 
layer or injecting electrons from the cathode or the 
electron injecting layer When an electric ?eld is 
applied. 

[0067] (2) The transporting function: the function of 
transporting injected charges (electrons and holes) 
by the force of the electric ?eld. 

[0068] (3) The light emitting function: the function of 
providing the site for recombination of electrons and 
holes and emitting light generated by the recombi 
nation. 

[0069] The easiness of injection of holes may be different 
from the easiness of injection of electrons. The ability of 
transporting holes expressed by the mobility of holes may be 
different from the ability of transporting electrons expressed 
by the mobility of electrons. It is preferable that either holes 
or electrons are transported. The above anthracene deriva 
tive represented by any of general formulae (I), (II), (II‘) and 
(III) satis?es the above three conditions and the light emit 
ting layer can be formed by using the anthracene derivative 
as the main component. 

[0070] As one of the materials constituting the light emit 
ting layer of the organic EL device, a substance forming a 
recombination site can be used. The substance forming a 
recombination site is a substance Which positively provides 
a site for recombination of electrons and holes injected from 
the both electrodes or a substance Which provides a site 
Where a recombination energy is transported and light is 
emitted although the recombination of electrons and holes 
does not take place. Therefore, When the substance forming 
a recombination site is used in combination, electrons and 
holes are recombined at portions more concentrated around 
the center of the light emitting layer and the luminance of 
light emission can be increased in comparison With the 
single use of the anthracene derivative. 

[0071] From the standpoint of the above phenomenon, it is 
preferable that a substance having a higher quantum yield of 
?uorescence is used as the substance forming a recombina 
tion site in the light emitting layer of the organic EL device 
of the present invention. In particular, it is more preferable 
that the substance has a quantum yield of ?uorescence of 0.3 
to 1.0. As the substance forming a recombination site, a 
compound selected from styrylamine compounds, quinacri 
done derivatives, rubrene derivatives, coumarine deriva 
tives, perylene derivatives, pyrane derivatives and ?uoran 
thene derivatives or a mixture of compounds selected from 
these compounds is used. Further examples of the substance 
forming a recombination site include conjugated macromo 
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lecular compounds such as polyarylenevinylene derivatives 
and polyarylene and vinylene derivatives substituted With 
alkyl groups and alkoxy groups having 1 to 50 carbon atoms. 

[0072] It is preferable that the substance forming a recom 
bination site is selected in accordance With the color of light 
emitted from the light emitting layer. For example, When 
emission of blue light is desired, it is preferable that 
perylene, a styrylamine derivative or a distyrylarylene 
derivative substituted With an amino group is used. When 
emission of green light is desired, it is preferable that a 
quinacridone derivative or a coumarine derivative is used. 
When emission of yelloW light is desired, it is preferable that 
a rubrene derivative is used. When emission of orange light 
or reddish orange light is desired, it is preferable that a 
dicyanomethylpyrane derivative is used. 

[0073] In the present invention, it may be preferable that 
the anthracene derivative represented by any of general 
formulae (I), (II), (II) and (III) of the present invention is 
used as the substance forming a recombination site. 

[0074] In the organic EL device of the present invention, 
the amount of the substance forming a recombination site 
used in the device is decided in accordance With the lumi 
nance of light emission and the color of emitted light of the 
light emitting layer. It is preferable that the amount is in the 
range of 0.1 to 20 parts by mass per 100 parts by mass of the 
organic compound described above. When the amount of the 
substance forming a recombination site is less than 0.1 parts 
by mass, the luminance of light emission tends to decrease. 
When the amount exceeds 20 parts by mass, heat resistance 
tends to decrease. Therefore, to maintain an excellent bal 
ance betWeen the luminance of the light emission and the 
heat resistance in the organic EL device, it is preferable that 
the amount is 0.5 to 20 parts by mass and more preferably 
1.0 to 10 parts by mass per 100 parts by mass of the organic 
compound described above. 

[0075] As the material constituting the organic light emit 
ting layer of the organic EL device, compounds shoWn in the 
folloWing are used in addition to the above compounds in 
accordance With the desired hue. For example, to obtain 
light emission in the region of ultraviolet region to purple, 
a compound represented by the folloWing general formula 
(IV) is preferably used: 

(IV) 

[0076] Wherein X represents a divalent group represented 
by the folloWing general formula: 
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[0077] a representing an integer of 2 to 5, and Y represents 
an aryl group expressed by the following formula: 

0m 5 
[0078] In the compound represented by general formula 
(IV), phenyl group, phenylene group and naphthyl group 
may have a single or a plurality of substituents selected from 
alkyl groups having 1 to 4 carbon atoms, alkoxy groups 
having 1 to 4 carbon atoms, hydroxyl group, sulfonyl group, 
carbonyl group, amino group, dimethylamino group and 
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diphenylamino group. When there are a plurality of these 
groups, the groups may be bonded to each other and form a 

saturated ?ve-membered or six-membered group. In the 

compound, it is preferable that the bond is formed at the 
para-position of phenyl group, phenylene group and naph 
thyl group since the bonding is rigid and a smooth ?lm is 
formed by vapor deposition Without chemical decomposi 
tion. Speci?c examples of the compound represented by 
general formula (IV) include the compounds expressed by 
the folloWing formulae. 

[0079] In the folloWing formulae, Me represents methyl 
group, t-Bu represents tertiary-butyl group and Ph represents 
phenyl group. 
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-continued 

tBu 

[0080] Among the compounds shown in the above, 
p-quarterphenyl derivatives and p-quinquephenyl deriva 
tives are preferable. 

[0081] To obtain emission of blue to green light, for 
example, a ?uorescent Whitening agent of benZothiaZole, 
benZimidaZole or benZoxaZole, a metal chelate compound of 
an oxinoid compound or a styrylbenZene compound can be 
used. Examples of the above compounds include com 
pounds disclosed in Japanese Patent Application Laid-Open 
No. ShoWa 59(1984)-194393. Further examples of the com 
pound useful as the above compounds include compounds 
listed in Chemistry of Synthetic Dies, 1971, pages 628 to 
637 and 640. 

[0082] As the metal chelate compound of an oxinoid 
compound, for example, compounds disclosed in Japanese 
Patent. Application Laid-Open No. ShoWa 63(1988)-295 695 
can be used. Typical examples of the above compound 
include metal complexes of 8-hydroxyquinolines such as 
tris(8-quinolinol)aluminum and dilithium-epintridione. 

[0083] As the styrylbenZene compound, for example, 
compounds disclosed in European Patent Nos. 0319881 and 
0373582 can be used. DistyrylpyraZine derivatives disclosed 
in Japanese Patent Application Laid-Open No. Heisei 
2(1990)-252793 can also be used as the material of the light 
emitting layer. Polyphenyl compounds disclosed in Euro 
pean Patent No. 0387715 can also be used as the material of 
the light emitting layer. 

[0084] Compounds other than the ?uorescent Whitening 
agents, metal chelate compounds of oxinoid compounds and 
styrylbenZene compounds can be used as the material of the 
light emitting layer. Examples of such compounds include 
the folloWing compounds: 12-phthaloperinone (J. Appl. 
Phys., Volume 27, L713 (1988)); 1,4-diphenyl-1,3-butadi 
ene and 1,1,4,4-tetraphenyl-1,3-butadiene (Appl. Phys, 
Lett., Volume 56, L799 (1990)); naphthalimide derivatives 
(Japanese Patent Application Laid-Open No. Heisei 
2(1990)-305886); perylene derivatives (Japanese Patent 
Application Laid-Open No. Heisei 2 (1990)-189890); oxa 
diaZole derivatives (Japanese Patent Application Laid-Open 
No. Heisei 2 (1990)-216791 and HAMADA et al., the 38th 
Associated Meeting of Applied Physics); aldaZine deriva 
tives (Japanese Patent Application Laid-Open No. Heisei 2 
(1990)-220393); pyraZine derivatives (Japanese Patent 
Application Laid-Open No. Heisei 2 (1990)-220394); cyclo 
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pentadiene derivatives (Japanese Patent Application Laid 
Open No. Heisei 2 (1990)-289675); pyrrolopyrrol deriva 
tives (Japanese Patent Application Laid-Open No. Heisei 2 
(1990)-296891); styrylamine derivatives (Appl. Phys. Lett., 
Volume 56, L799 (1990); coumarine compounds (Japanese 
Patent Application Laid-Open No. Heisei 2 (1990)-191694); 
and macromolecular compounds described in International 
Patent Application Publication WO90/13148 and Appl. 
Phys. Lett., Vol. 158, 18, P1982 (1991). 

[0085] In the present invention, it is preferable, in particu 
lar, that aromatic dimethylidine compounds disclosed in 
European Patent No. 0388768 and Japanese Patent Appli 
cation Laid-Open No. Heisei 3 (1991)-231970 are used as 
the material of the light emitting layer. Examples of the 
above compounds include 4,4‘-bis(2,2-di-t-butylphenylvi 
nyl)biphenyl, 4,4‘-bis(2,2-diphenylvinyl)biphenyl and 
derivatives of these compounds. 

[0086] Further examples of the compounds Which are used 
as the material of the light emitting layer include compounds 
represented by the general formula (Rs-Q)2—Al—O—L 
Which are described in Japanese Patent Application Laid 
Open No. Heisei 5(1993)-258862. In the general formula, L 
represents a hydrocarbon group having 6 to 24 carbon atoms 
Which comprises a phenyl portion, O—L represents a phe 
nolate ligand, Q represents a 8-quilinolate ligand and Rs 
represents a substituent to the 8-quinolinolate ring Which is 
selected so as to inhibit coordination of more than tWo 
8-quinolinolate ligands to the aluminum atom. Speci?c 
examples of the above compound include bis(2-methyl-8 
quinolinolato)(para-phenylphenolato)aluminum(III) and bis 
(2-methyl-8-quinolinolato)(1-naphtholato)aluminum(III). 

[0087] Mixed emission of blue light and green light can be 
obtained in a high e?iciency in accordance With the doping 
method as disclosed in Japanese Patent Application Laid 
Open No. Heisei 6 (1994)-9953. In this method, the light 
emitting material described above can be used as the host. 
As the dopant, a ?uorescent die having strong blue to green 
color such as a coumarine ?uorescent die and the same 
?uorescent die as that used for the host can be used. 
Speci?cally, a light emitting material having a distyry 
larylene skeleton structure and preferably 4,4‘-bis(2,2-diphe 
nylvinyl)biphenyl is used as the host and a perylene deriva 
tive and preferably, for example, a distyrylarylene derivative 
is used as the dopant. 
































